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Schizophrenia is a concept which has undergone various changes in the last 120 years. Outline critically the principal theories of causation over this period, and, in particular, critically evaluate currently accepted risk factors.
ABSTRACT
Despite 120 years of research and a vast body of literature on the subject, our current state of knowledge concerning the aetiology of schizophrenia remains dishearteningly incomplete. We are unable to state with certainty any causal process underlying this complex mental disorder, and thus rely instead on a complex of risk factors in assessing who may be at most risk of developing symptoms. Contemporary opinions about schizophrenia demonstrate the full range of approaches to understanding mental disorders possible within psychiatry’s ‘biopsychosocial’ model of causation, with currently accepted risk factors spanning all three domains: biological, psychological, and social. 
With no coherent theory to link these seemingly disparate areas of investigation, recent research into the causes of schizophrenia may appear fragmented and lacking in overall direction. To some extent, this is indeed a fair assessment. In order to understand why this is so, we must adopt a historically intelligent approach to the problem; this will complement the scientific judgement with which most researchers will be more familiar. Only by examining what has gone before can we truly evaluate our current state of knowledge, and assess where future research may take us.

This paper fulfils the need for an accessible historical sketch of how theories of causation have changed over the past 120 years. Beginning with Kraepelin and Bleuler, both biological and psychological theories are explored, with a particular emphasis on the three types of theory that have latterly been the focus of most research: genetic, neurochemical and neurodevelopmental. 
 ‘The first and most important fact about the cause of schizophrenia is that it remains unknown.’
(McKenna, 2007:109)
This disheartening statement succinctly summarises the current state of our knowledge concerning the aetiology of schizophrenia. Despite 120 years of research, this puzzling conundrum remains the most significant challenge to our ongoing attempt to understand the pathogenesis of mental illness; the vast body of literature surrounding this topic testifies to our continued relative ignorance. An attempt to distil both present and past theories into a coherent narrative is daunting, and must necessarily be somewhat selective. This paper therefore traces the patterns of our understanding from the naming of the disorder in 1893 to the present day, and in doing so identifies two broad currents of theory – biological and psychological – which have their origins firmly in the work of early figures such as Kraepelin and Bleuler. Reflecting their influence on current views about relevant risk factors, the history of hereditary, neurochemical and neurodevelopmental theories is explored in particular detail, but attention is also paid to earlier psychological theories that have received less consideration in existing accounts.
 This historical analysis enables the reader to evaluate contemporary scientific opinion in a critical but constructive fashion, and identify directions for future research in the light of what has gone before.
Kraepelin: ‘founder of biological psychiatry’?

Our period of consideration begins 120 years ago, when the mental disorder later to be named ‘schizophrenia’ was first classified as such by the German psychiatrist Emil Kraepelin (1856-1926). In the fourth edition (1893) of his influential Lehrbuch der Psychiatrie (Textbook of Psychiatry), Kraepelin proposed a novel bipartite classification of psychosis: manic-depressive insanity and dementia praecox. The term dementia praecox was previously coined by Morel in 1852 (Gottesman, 1991:6) and the concept came to embrace catatonia, as described by Karl Kahlbaum (1863), and hebephrenia, as described by Ewald Hecker (1871). By the 1913 edition, at least ten subtypes were outlined (Noll, 2007:302).
The creation of dementia praecox as a diagnostic category is rightly considered a seminal episode in the history of psychiatry. Yet curiously, Kraepelin seems to have had little interest in its aetiology, devoting few pages in his Psychiatrie to the subject and focusing instead on the delineation of clinical symptoms and course (Weber, 1997:302; Engstrom, 2005). Kraepelin (1887) expressed some scepticism that the prevailing neuropathological approach to explaining the psyche would prove sufficient, as exemplified by the research of his predecessor Wilhelm Griesinger (Berrios, 1996:180) and contemporaries Westphal, Wernicke and Meynert. In accordance with widely held views about degeneration theory, however, Kraepelin certainly acknowledged the role of heredity, and in addition seems to have subscribed to a metabolic ‘autointoxication’ theory to explain the origins of dementia praecox, with the sexual organs as the source of harmful secretions (Noll, 2007; Ion, 2002a:290). Thus, biological theories about the causation of schizophrenia are not a recent phenomenon, and can be traced back to the man who first gave the disorder its name: Kraepelin. 
Kraepelin’s classification caused some controversy
, but by the end of WWI, dementia praecox was accepted as an official diagnostic category by the Royal College of Psychiatrists in Britain (Ion, 2002b:429), and most Europeans were following Kraepelin’s approach (Decker, 2007:341). 

An alternative current of opinion
Psychiatry in the United States, by contrast, took a rather different route, which Shorter (1997) has termed somewhat simplistically the ‘psychoanalytic hiatus’ between two eras of ‘biological psychiatry’, because Sigmund Freud’s (1856-1939) ideas influenced psychiatry to such an extent. Despite being largely discredited and therefore easily dismissed, these early psychological theories must not be ignored as they provide the foundation for an alternative current of theory about the causes of schizophrenia which we can trace forward to the present day. 
Orthodox psychoanalysis considered psychotics untreatable and therefore focused predominantly on the neuroses. Freud did, however, explain delusions and other positive symptoms by the mechanism of projection, whereby the individual’s unbearable sexual wishes become displaced onto others in inverted or disguised form; negative symptoms were due to withdrawal of libidinal energy usually invested in the outside world. Freud later postulated that during conflict the individual regressed to the pre-oral stage of development, allowing the unconscious id to disrupt the rational ego
 (McKenna, 2007:110). These exact ideas do not form part of our current theories about schizophrenia, but we must recognise the theme of psychological stress initiating internal events, which are later manifest externally in the symptoms of schizophrenia. This thread of thinking resurfaced in the study of ‘life events’ in the 1960s (Brown and Birley, 1968) and survives today in the ‘stress-vulnerability model’ which postulates that psychological stress may interact with inherited susceptibility to precipitate the onset of schizophrenia.  
Drawing on both Kraepelin and Freud’s ideas was the Swiss Eugen Bleuler (1857-1939), the second prominent figure in the history of schizophrenia. Bleuler renamed dementia praecox as schizophrenia, firstly in a 1908 lecture and later in his 1911 text Dementia praecox oder Gruppe der Schizophrenien (Kuhn, 2004). Deriving his concept from Associationist psychological theory and the Greek words schizein (to split) and phren (mind), Bleuler believed the underlying cause of schizophrenia was splitting of the psychic functions: the ‘associative threads which guide our thinking’ lose their continuity (Berrios, 1996:78). The underlying cause, however, might still have been an unknown toxin (Berrios, 1996:190). Bleuler’s concept therefore offered a compromise between old neuropsychiatric and new psychodynamic ideas, and today is reflected in the ‘aberrant connectivity’ model of schizophrenia, which postulates a failure of integration of mental functions. His effort to reconcile psychological and biological ideas has also been re-attempted ever since, with varying degrees of success. 
Focus on the family
Psychiatrists noticed early on that cases of schizophrenia tend to occur in familial clusters, and attention quickly turned to those with whom schizophrenics share their closest biological and psychological links. Given that schizophrenia often begins in adolescence, parents in particular seemed a likely source of explanation. From this common starting point, however, theories developed in two opposing directions simultaneously: the psychological ‘family theories’ (McKenna, 2007), building on psychoanalytic theory, and through the emerging biological discipline of genetics.
From the 1940s, Freud’s successors Anna Freud and Melanie Klein placed increasing emphasis on the the importance of the child-parent relationship in early development, providing an ideal opportunity for these ideas to be applied to schizophrenia. As early as 1940, Hadju-Gaines concluded from four orthodox analyses that all schizophrenics had experienced a cold, aggressive mother and a passive, indifferent father, leading to Frieda Fromm-Reichmann’s now infamous term the ‘schizophrenogenic mother’ in 1948. The appealingly simple idea that faulty mother-child relationships were a component, if not the cause, of schizophrenia exerted great influence during the 1950-60s, undoubtedly causing much unnecessary guilt (Ambert, 1997:128). Following this, Batesons’s 1956 ‘double-bind’ hypothesis blamed a parental tendency to communicate ambiguous and conflicting messages to the child, and a series of studies by Wynne and Singer (e.g. 1963) looking at abnormalities in communication style between schizophrenics and their parents
 suggested an apparently significant ‘communication deviance’ as an aetiological factor. When the research was repeated by Hirsch and Leff (1975), however, they found no significant difference between schizophrenic families and control pairs. Since the 1960s, psychological theories have continued to evolve, resulting in therapeutic approaches such as cognitive behavioural therapy (Nelson, 1997). 
Nature rather than nurture?
Emerging in parallel to these psychological theories were studies focusing on the heritability of schizophrenia: perhaps genetic inheritance would explain the observed familial clustering. We now know this to be significant risk factor. 

Preliminary inheritance studies were done as early as 1916 by Ernst Rüdin, working with Kraepelin. Subsequent studies in the 1920s using the new method of comparing concordance rates in monozygotic and dizygotic twins (developed by German scientist H. W. Siemens) could then disentangle whether familial clustering was due to shared genetic material or shared environment (Gottesman, 1991:105). The original such study was by Hans Luxenberger in 1928, followed by Erik Essen-Möller’s Swedish study in 1941 (follow-up 1971), Kallmann’s well-known U.S. study in 1946 and more recent studies in Finland (Tienari 1975), Norway (Kringlen, 1967), Denmark (Fischer, 1973) and the UK (Gottesman and Shields, 1970s). Allowing for slight differences in methodology, subsequent meta-analysis of the data by Gottesman and Shields (1982) estimated the overall concordance rates to be 45% in monozygotic twins and 15% in dizygotic twins, confirming that genetic inheritance plays an unequivocal role in the development of schizophrenia. However, 40% of monozygotic co-twins of a schizophrenic are clinically normal, so inheritance cannot be the whole story. A more recent meta-analysis of twelve studies by Sullivan (2003) states that evidence from twin studies supports the opinion that schizophrenia is a complex trait with substantial heritability (81%; 95% confidence interval, 73-90%).
The second strand of familial studies were the adoption studies, first done by Heston in 1966 in Oregon, on adults separated from their schizophrenic mothers soon after birth in the 1930s. Heston’s study design was improved upon by the Danish studies of Kety and colleagues from the 1970s (e.g. Kety et al, 1971) (for detailed discussion see Gottesman 1991:ch 6-7). Overall, such studies have concluded that sharing an environment with a schizophrenic individual is neither necessary nor sufficient to account for the familial pattern of cases of schizophrenia. They cannot rule out, however, interactions between genetic predisposition and environmental factors in the adoptive family; neither can they control for pre-natal environmental factors. 
The discipline of genetics has expanded exponentially over the last fifty years, and some progress has been made towards an explanation for the heritability of schizophrenia. The pattern of inheritance is not the simple Mendelian one that would occur if the disorder were caused by a single gene, however. Although it is still possible we are using the single label ‘schizophrenia’ for a heterogeneous group of disorders, evidence from genetic linkage studies seems to support the alternative hypothesis that multiple genes are involved, each conferring a small increase in risk of developing schizophrenia. Currently, the following genetic loci are believed to be involved: 2p, 8p (neuregulin), 13q (gene G72: D-amino acid oxidase activator), 22q (catechol-O-methyl-transferase) and 6p (dysbindin) (Lang et al, 2007; Gelder et al, 2006; Sullivan et al, 2008). Although our knowledge of how these may interact is currently limited, genetics is an exciting arena of research likely to yield further insights in the near future. 
The neurochemical paradigm
The research paradigm that the cause of schizophrenia will eventually be uncovered in molecular mechanisms - so important in genetic research - has been reinforced dramatically by a second area of biological research: the neurochemistry of the brain. Disappointingly, these theoretical currents have thus far not converged in any satisfactory way. 
The most important of these neurotransmitter theories has been the ‘dopamine hypothesis’, which began with the drug chlorpromazine, introduced into clinical practice by Delay and Deniker in 1952. By the early 1960s, animal studies showed that it could block the effects of amphetamine, which in humans causes hallucinations and delusions, due to a functional excess of dopamine (Griffiths et al 1968, Angrist and Gershon, 1970). Carlsson and Lindquist subsequently proposed in 1963 that chlorpromazine works by blocking dopamine receptors. Investigation of similar neuroleptics confirmed that dopamine blockade was a necessary prerequisite for therapeutic efficacy and in the late 1970s the relationship between affinity for dopamine receptors and required dose was demonstrated (Seeman, 1976).  
The question remained, however, of whether a functional excess of dopamine in the brains of schizophrenics could be demonstrated. Whether there was quantitatively more dopamine was equivocal, but studies considering an increased density of the D2 receptor, then believed to be the most important type, seemed more promising (Lee et al, Mackay et al, both 1978). These found significant increases compared to controls, but this effect was eventually attributed to compensatory proliferation in response to drug treatment (Mackay et al, 1982). With the introduction in 1983 of the new technique of administering radio-actively labelled L-DOPA, functional imaging could be used to detect dopamine receptor density in life, rather than at post-mortem. Despite promising initial results from the John Hopkins Study (Wong et al, 1986) subsequent studies have failed to demonstrate significant differences (e.g. Farde et al, 1987; Hietala et al, 1994). 
So, with no conclusive evidence, do we have a credible successor to the dopamine hypothesis? Theories focusing on glutamate provide a possible alternative. These originated in the observation that an anaesthetic named phencyclidine produced psychotic mental effects. Phencyclidine blocks NMDA (N-methyl-D-aspartate) receptors, usually the targets of glutamate, so perhaps schizophrenia is caused by a functional deficiency of glutamate. Just like amphetamine, the weaker NMDA antagonist ketamine can provide a useful, if imperfect, model of schizophrenic symptoms. However, on this theory administration of glutamate’s co-activators glycine or cycloserine should potentiate glutamate’s action, but such experiments have shown no significant superiority over placebo for treating the positive or negative symptoms of schizophrenia (Carpenter et al, 2005). Secondly, post-mortem studies looking for significant differences in the densities of NMDA receptors in the brains of schizophrenics have been inconclusive; and as yet, no radio-labelled ligand has been found, so functional imaging is not possible. Despite speculation that dopaminergic dysfunction may be secondary to aberrant regulation by glutaminergic neurones, a coherent neurochemical theory has thus far eluded us, and we do not understand how chemical changes might correlate with clinical symptoms. The glutamate theory thus appears a ‘weak successor’ to the dopamine hypothesis (McKenna, 2007).
Neurodevelopmental theories

One step removed from the abstract intricacies of genetic loci and neurochemical pathways, a third body of literature attributing schizophrenia to predominantly environmental factors has its origins in the 1930s, when it was noticed that schizophrenics tended to be born during the winter. This ‘season of birth effect’ (Davies et al, 2003) is still recognised as a risk factor even though the explanation remains mysterious (Gelder, 2006:285). Just as psychoanalysts sought explanations from the formative years of childhood, researchers with a more biological slant then postulated that complications at birth - or even pre-natally - might underlie the later manifestation of schizophrenic symptoms. Retrospective studies have suggested schizophrenics are indeed more likely to have had obstetric complications, but prospective studies have been inconclusive (Jones et al, 1998; Cannon et al 2000). Birth cohort data collected for other purposes has been particularly useful in this field (e.g. Done et al, 1991; Buka et al, 1993), providing the opportunity to look beyond obstetric complications, to social or behavioural changes and intellectual function deficiencies that may mark future schizophrenics before they develop symptoms (Jones et al 1994). In addition, since the 1960s a modified study-type has monitored ‘high risk’ individuals who have close relatives with schizophrenia; the ongoing Edinburgh High Risk Study by Eve Johnstone and colleagues merits close attention for its potential to identify factors that might precede or precipitate schizophrenia in these individuals. Johnstone’s research since the 1970s has also shown that lateral ventricular enlargement is an important anatomical finding in even un-medicated and first-episode schizophrenics, supporting a developmental rather than degenerative explanation. Although we cannot correlate ventricular enlargement with any particular clinical variable (Lewis, 1990), perhaps such anatomical changes may prove useful trait markers in the future, and eventually be linked to genetic changes. 

Overall, neurodevelopmental theories are supported by evidence from two directions: pre-symptomatic anatomical and functional differences, and the identification of environmental pre- or peri-natal risk factors which seem to predispose individuals to the disorder. Currently, however, we lack a coherent theory which will link these findings together, and in addition relate them to genetic and neurochemical findings. The best model we have does indeed work on the principle of risk factors rather than causes; genetic inheritance being the principal contributor, but modified by environmental, psychological and social factors. Each of these research avenues continues to be pursued in the hope they are pieces of a puzzle that will one day converge, revealing the bigger picture.  

Reflections
Reflecting on more than a century of speculation about the causes of schizophrenia, we can appreciate the diversity of approaches employed by psychiatrists and psychologists in their attempt to understand this most complex of mental disorders. This paper has demonstrated that different theories of causation have not replaced each other sequentially, but have instead evolved and developed in currents of thinking running parallel to one another, sometimes overlapping and sometimes divergent, but always causing controversy. The dichotomy of separating these theories into biological or psychological has been employed as a somewhat blunt but nevertheless useful tool for examining the literature, with both approaches originating in the work of early figures such as Kraepelin and Bleuler. Within this broad historical sketch, three bodies of theory have emerged as particularly promising – genetic, neurochemical and neurodevelopmental – and their development has consequently been examined in more depth. Risk factors emerging from these areas of research now dominate current views about the pathogenesis of schizophrenia, although we evidently lack a coherent theory that would tie together the threads of our limited understanding. After evaluating the present, we may anticipate the future with a cautious optimism we are moving in the right direction, while remaining mindful that even the mostly firmly held ideas about the causation of schizophrenia have been overturned. Thus, historical analysis is essential for examining our contemporary scientific beliefs, particularly for psychiatric disorders, where psychological, social and even political factors collide with the biological in a way unique to any medical discipline. Let us take seriously Winston Churchill’s statement in his 1944 address to the Royal College of Physicians: ‘The longer you can look back, the further you can look forward’. I am inclined to imagine that if Kraepelin were alive today, he would certainly agree. 
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� For details of the British debate: Ion and Beer, 2002.


� Freud’s writings on psychosis: the Schreber Case (1911); ‘Neurosis and Psychosis’ and ‘The Loss of Reality in Neurosis and Psychosis (1924). 


� The interpersonal relationships of schizophrenics were examined in detail by the existential psychologist R. D. Laing in The Divided Self (1960) and Sanity, Madness and the Family (1964): definitely worth reading!
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